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ABSTRACT
This study examines the role of ICT as a factor in Indonesia’s financial sector
development, remittances, and economic growth nexus using annual data from 19842017. We use the bounds testing procedure based on the Autoregressive Distributed
Lag framework and the neoclassical growth model. The findings of the study reveal
that ICT has indeed emerged as a significant factor in the remittance-growth nexus by
playing a complementary role in financial sector development. The policy implication
is that ICT needs to be supported at all levels and the financial inclusion process
should be carried forward as it has all the potential to speed up economic growth and
development.
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I. INTRODUCTION
Annual Flows of Remittances1 (REM) to Low- and Middle-Income Countries
(LMICs) in recent years have emerged to be not only more reliable but also
have become larger than the traditional capital transfers, which include Official
Development Assistance (ODA), popularly known as foreign aid, besides Foreign
Direct Investment (FDI). The World Bank’s annual publication, Migration and
Development Brief (World Bank, 2018) reports that global REM flows in 2018
reached a new high at $528 billion.
Indonesia with per capita Gross National Income (GNI) at US$ 3,540 in 2017
prices, belonging to the group of LMICs, is no exception. It has been experiencing
a rising trend in REM inflows during the last few years. It was among the world’s
top ten REM remittance recipient countries until 2017. Although dislodged to a
rank below ten in 2018, Indonesia continues to be among the top ten remittances
recipient countries in East Asia and the Pacific region. Being in foreign currencies,
annual REM inflows from Indonesians working overseas estimated at 4.2 million
in 2017 (United Nations, 2017) are additions to the country’s real resources, which
would have to be earned under normal circumstances through exports of goods
and services including tourism. Most importantly, as they happen to supplement
the income of families left behind in the rural and remote parts of the country,
their biggest contribution lies in the area of alleviation of poverty.
A growing literature on the relationship between remittances and economic
growth in developing countries since the beginning of the New Millennium
(Chami et al., 2008; Amuedo-Dorantes and Pozo, 2010; Mongardini and Rayner,
2009; Adams and Page, 2005) have also been stressing the need for mobilizing the
resources from the steady annual inflows of REM. This is because savings out of
REM in the absence of opportunities to access to banking services in rural areas
and remote islands are observed to be spent on wasteful consumption.
On the other hand, the emergence of Information and Communication
Technology (ICT) since the mid-1990s, as a factor towards boosting output and
labor productivity, has attracted wide attention. The rapid spread of ICT with
mobile voice and data networks has resulted in improving access to financial
services, which has promoted banking habits including depositing and savings
out of regular remittance inflows to rural families (Mohan and Ray, 2017). There
is a significant increase in account holders with banks, mobile money accounts as
well as digital payments in recent years. Indonesia is the fourth most populous
country and poses a fast-evolving market for ICT development.
To the best of our knowledge, the available empirical studies on Indonesia’s
remittances and growth2 have not specifically examined the roles of ICT and
financial markets in REM and economic growth nexus. This is essential as
mobilization of savings by banks and other financial sector institutions, also
1

2

The World Bank (2019) defines the term remittances as the sum of personal transfers and compensation
of employees. Personal transfers include all current transfers in cash or in kind between resident
and nonresident individuals, independent of the source of income of the sender. Compensation of
employees refers to the income of border, seasonal, and other short-term workers who are employed
in an economy.
These include Hartarto and Azizurrohman (2018), Bachtiar (2011), Parinduri and Thangavelu
(2011), Adams Jr and Alfredo Cuecuecha (2010).
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referred to as financialization of savings adds to reserves in banks thereby enabling
them to step up greater lending to a large number of aspiring entrepreneurs in their
small enterprises in non-banked areas. Credit growth is a logical consequence of
financial deepening and Financial Sector Development (FSD), one of the indicators
along with rising deposits (Aggarwal et al., 2011). More importantly, the quality
and quantum of credit flow to the hitherto bypassed sections of the community
would also make the difference (Ebeke et al., 2014).
The only recent econometric study available on growth and REM relationship
in Indonesia is by Nahar et al. (2018). By using the OLS method the study shows
that REM and foreign aid have a positive effect on GDP while trade openness has
a negative effect. The shortcoming of this study is that it does not appropriately
conduct the stationary test of the variables and cointegration relationship among
the variables. Like many other trended series, variables in the model could have
unit root and are expected to be cointegrated in the long run. However, the presence
of unit root is likely to produce a spurious result (Granger and Newbold, 1986).
The other limitation of this study is that it attempted to study economic growth
without the fundamental variables of capital stock and labor. Bosworth and
Collins (2003) distinguished between the two fundamental variables in any growth
equation and other potential determinants of growth. Rao and Rao (2005) argue
that the fundamental variables should be retained in any subsequent regressions
to analyze the significance of other potential determinants, which are called shift
variables. Cointegrating equations or any effort to run growth regressions without
capital stock and labor variables are therefore suspect, as they suffer from bias
arising from errors of omission as well as misspecification (Rao and Rao, 2009).
The present paper is, therefore, motivated by these developments and
particularly the desire to bestow attention on the rapid rise of ICT and further
promotion of financial inclusion, thereby deepening the financial sector for
remittances inflow and consequently enhancing economic growth. Indonesia is
the top ten remittance recipient in East Asia and the Pacific region. Despite a stable
rise in economic growth and financial inclusion efforts in recent years, Indonesia
stills lag in financial sector development and ICT relative to neighboring Asian
economies like Singapore and Malaysia. Thus, understanding the role played
by ICT and FSD in the remittances-growth nexus is important. Our approach to
the econometric analysis of the impact of remittances, FSD, and ICT spread on
economic growth is different from the above-mentioned studies. We use timeseries techniques of the Autoregressive Distributed Lag (ARDL) model. Designed
by Pesaran et al. (2001), the Bounds test within the ARDL framework has been
widely employed in recent years to investigate long-run relation amongst time
series factors. However, there is no precedent of examining ICT, FSD, remittances,
and growth nexus using this approach. Further, this approach is more robust and
performs well with small sample observations (Ishida, 2015).
Our analysis offers the following insights. There exist a long-run cointegration
relationship between REM, FSD, ICT, and economic growth. Remittances, along
with financial development and ICT exert a positive impact on real GDP per
capita. The interaction term of FSD and ICT is positive, indicating that they are
complementary to Indonesia’s long-run economic growth. The findings further
show that apart from REM inflow, capital stock enhances economic growth in
Published by Bulletin of Monetary Economics and Banking, 2020
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Indonesia which is consistent with previous literature. To check for robustness, we
introduce structural breakpoints based on Narayan and Popp (2010) and control
variables in the remittances-growth model. We find a positive effect of ICT, FSD,
and remittances, which is consistent with our earlier findings. The results further
show that both human capital and trade openness enhance long-run economic
growth in Indonesia.
The balance of the paper is organized as follows. The next section provides
a brief literature review of theoretical and empirical studies on REM, financial
sector development, ICT, and economic growth nexus. Section III discusses trends
in remittances, FSD and ICT spread in Indonesia. Section IV outlines theoretical
framework and methodology. Section V provides data and the results while the
final Section VI provides conclusion.
II. BRIEF REVIEW OF LITERATURE
A. REM and Economic Growth
There is a large volume of literature, theoretical and empirical, concerning REM
and economic growth nexus since the beginning of the New Millennium. Benefits
derived by LMICS from inflows of REM, which are summarized from various
studies (Leon-Ledesma and Piracha, 2001; Edwards and Ureta, 2003; Page and
Adams, 2003; Hildebrandt and McKenzie, 2005; Yang, 2008; and Giuliano and
Ruiz-Arrranz, 2009) include the following: (i) regular REM inflows to LMICs
promote the wellbeing of the families left behind by migrants; (ii) assist the
beneficiaries in upgrading their dwellings; (iii) improve their farming and other
earning activities; (iii) help households to pay children’s education fees and bear
the costs of the aged dependents’ medical care. Further, REM inflows add to the
beneficiary nation’s foreign reserves, raising their creditworthiness in the eyes
of international financing agencies, thereby enabling them to borrow to funding
growth-enhancing investments.
On the other hand, there are studies (Ratha and Mohapatra, 2007; Jayaraman
et al, 2016; Bachtiar, 2011) drawing attention to the negative effects of rising REM
as well. They include (i) brain drain; (ii) use of remittances for imports for luxury
goods and resultant widening of trade deficits; and (iii) rise in domestic price level
due to higher consumption of non-tradable goods and services, resulting in the
appreciation of real exchange rate and adversely affecting the competitiveness of
exports, known as ‘Dutch disease’. There are, however, remedial measures, which
include investment in the utilization of increased foreign reserves in funding
infrastructure projects including water supply and power generation, which bring
down the domestic price level relative to the foreign price level (Jayaraman et al.,
2016).
Studies concerning Indonesia have given various insights on the impact of
remittances on household consumption and investment, gender dimension,
human capital development, and poverty reduction. The notable ones include
Adams and Cuecuecha (2013), Bachitiar (2011), Rahman (2010), Parinduri and
Thangavelu (2011), Nahar and Arshad (2017), and Nahar et al (2018). In regards
to household consumption, Indonesians receiving remittance spent more on food
than what they would have spent without remittance (Adams and Cuecuecha,
https://bulletin.bmeb-bi.org/bmeb/vol23/iss3/6
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2010). Bachitar (2011) observed that as recipients of remittances were generally
poorer households, they were less likely to spend their remittances on investment
goods. Further, even though women migrants earned less than men migrants, they
turned out to be better savers and remitted a larger share of their earnings than
men (Rahman, 2010). On the impact of remittances on human capital, Parinduri
and Thangavelu (2011) observed a large part of remittances was spent on school
fees and education-related expenses. Nahar and Arshad (2017) show that although
remittances had a negative association with poverty at the household level, its
contribution to poverty alleviation in Indonesia was small.
B. FSD, REM, and Economic Growth
The developmental effect of REM can be enhanced when savings from remittances
are mobilized in financial markets by recycling them as credit (Jayaraman et al.,
2018). In the absence of financial markets including banking services in the rural
areas, a major proportion of REM recipients are not able to put their savings in
financial institutions as deposits. About 80% of micro and small businesses in
LMICs who do not have access to bank credit are compelled to look for funds
at much higher rates of interest outside the formal financial sector (Mashayekhi,
2014). In such cases, where the debtors have no guarantee to offer, they put their
future REM receipts as securities (Paulson and Townsend, 2000). To improve
access to urban-based banks, which are reluctant to open their branches in rural
and inaccessible regions on cost considerations, the United Nations included
financial inclusion as a major goal in its post-2015 Development Framework.
Financial inclusion is defined as “successful access to reasonable and sustainable
financial services from formal suppliers” (United Nations, 2015). These initiatives
have given a big boost to the poverty alleviation efforts since 2001 (African Union,
2009).
Studies incorporating FSD in remittances and growth nexus (Calderon et al.
2008; Ramirez and Sharma, 2008; Giuliano and Ruiz-Arranz, 2009; Nyamongo et
al., 2012; Bettin and Zazzaro, 2009) came to a general conclusion that REM served
as an alternate source of funding for micro and mini enterprises to bank loans.
Giuliano and Ruiz-Arranz (2009) observe that in countries where financial sectors
are weak, remittances become a substitute for bank finance. On the other hand,
where financial sectors are strong and where liquidity limitations do not represent
an issue, remittances may be utilized for consumption spending. However, Zouheir
and Sghaier (2014) show contrasting evidence concerning FSD, remittances, and
growth. In African countries, where financial markets are less developed, the two
variables act as complements, reinforcing each other, and enhance the positive
effect of remittances on growth. As the financial sector brings a larger share of the
population in contact with banks, remittances passing through formal channels
expand the availability of credit (Aggarwal et al., 2011). Further, in a panel study,
Chowdhury (2016) suggests that while remittances alone were found to be active
in stimulating growth, the impact of financial markets on growth was insignificant
and that financial sector development neither a substitute nor a complement in the
remittance–growth nexus.
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C. ICT and Economic Growth
Studies on ICT and economic growth nexus began in the early 1990s. For
instance, Cronin et al, (1991) examined the causal long-run relation between ICT
development and economic growth in the US and show evidence of a bidirectional
relationship. Following this, there have been several other studies mostly in
developed countries. While the majority of these studies confirmed the presence
of a positive relationship from ICT to economic growth (Ahmad and Ridzuan,
2013; Kumar et al. (2015); Chakraborty and Nandi, 2003; Chu et al., 2005; Dutta,
2001; Aghaei and Rezagholizadeh, 2017; Niebel, 2018; Ayub, 2018), there are
some instances of no evidence of a causal relationship between ICT and economic
growth (Shiu and Lam, 2008).
Noting ICT’s contribution to economic progress in the advanced countries,
LMICs being latecomers are now speeding up the development of the ICT sector as
a major focus of general economic reforms (Rath, 2016, Rath and Hermawan, 2019).
They are getting rid of government monopolies and by encouraging competition
and assisting investors in the ICT sector with joint ventures with the private sector.
The ICT is now perceived as a contributor to savings in operating costs of banks
which were a major reason for the hesitancy of the urban-based banks to get out
of the comfort zone offered by the availability of roads and electricity and office
space of brick and mortar buildings and other facilities in cities and town to spread
their operations to rural and low-income regions.
Mohan and Ray (2017) point out substantial savings involved in keeping records
as a single most significant advantage of ICT, which contributed to a reduction in
the costs of servicing a large number of small loans to poor families. With the
availability of new technology and a fall in the price of smartphones, which are
used for mobile banking services in rural areas, many of the past hurdles to FSD
have now faded. Empirical studies on the impact of ICT on FSD (Wilson, 1993;
Radeck et al., 1997; Freund et al., 1997; Jordan and Katz, 1999) confirm a positive
correlation between ICT investment and bank efficiency. More recently, Pradhan
et al (2017) found that there is a long-run relationship between ICT penetration,
FSD, and economic growth. The panel study shows that causality linkages ran
from ICT penetration and FSD to economic growth.
While there is considerable literature on FSD, remittances, and growth
independently, not much has been done to understand the link between these
variables together in developing countries with exclusive consideration to single
country analysis. We examine the role of ICT and FSD in remittances-growth
nexus. The extant literature did not take into consideration the role of ICT in
the remittances-growth nexus. In recent times ICT has become an important
conduit for capital transfers including remittances and accessing financial markets
products. Hence, the present study adds to the extant literature by addressing these
important issues in understanding the remittances-growth nexus in Indonesia.
Analysis of a single country provides a deeper understanding of how remittances
impact growth with the presence of ICT and FSD (Rath and Hermawan, 2019).
To the best of our knowledge, this paper is the first to analyze the role of ICT in
financial sector development, remittances, and growth nexus.
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III. TRENDS IN REMITTANCES, FSD, AND ICT IN INDONESIA
A. Remittances
Indonesia with a population of around 264 million and a GDP of $1,015 billion
and per capita GDP of US$ 3,846,(both in current prices of 2017) is one of the
world’s large REM recipient countries in terms of US dollars. Table 1 presents
the worldwide flows of capital transfers to LMICs and Indonesia both in terms
of dollars in current prices and in terms of percentages of GDP. They show REM
flows have exceeded the traditional flows of ODA and FDI. Although in terms
of percentage of GDP remittances are a small proportion, Indonesia has been
among the world’s top ten recipients in 2016 and 2017. It has also been among the
top REM recipient countries in East Asia and the Pacific region (excluding highincome countries) for the last three years (2016 to 2018).
Table 1.
Capital Transfers (US$ billion): World, LMICs and Indonesia 2005-2017
This table provides data on foreign aid, FDI, and remittances inflow for World, LMICs, and Indonesia from World
Bank (2019). Figures in parentheses are in percentages of GDP.

2005-09

2010

2011

2012

2013

2014

2015

2016

2017

115.29

130.94

141.90

133.77

151.14

161.52

153.21

158.22

159.22

(0.21)

(0.20)

(0.19)

(0.18)

(0.20)

(0.20)

(0.20)

(0.21)

(0.20)

2130.19

1863.65

2290.27

2118.66

2136.90

1860.63

2411.36

2458.33

2459.33

(3.74)

(2.74)

(3.03)

(2.72)

(2.57)

(2.28)

(3.15)

(3.16)

(2.35)

338.81

418.67

470.27

495.47

525.18

559.36

564.51

549.69

550.69

(0.61)

(0.65)

(0.65)

(0.67)

(0.69)

(0.72)

(0.77)

(0.74)

(0.73)

Foreign Aid

115.04

130.27

141.31

133.28

150.87

161.50

153.12

157.97

158.97

(0.87)

(0.65)

(0.60)

(0.53)

(0.57)

(0.58)

(0.58)

(0.60)

(0.56)

FDI

453.33

610.86

722.04

651.60

737.57

664.89

628.55

560.04

561.04

(3.30)

(3.03)

(3.05)

(2.57)

(2.74)

(2.38)

(2.41)

(2.14)

(1.88)

234.96

301.54

339.90

366.91

387.48

416.50

431.32

415.75

416.75

(1.74)

(0.65)

(0.60)

(0.53)

(0.57)

(0.58)

(0.58)

(0.60)

(0.56)

World
Foreign Aid
FDI
Remittances

LMICs

Remittances

Indonesia
Foreign Aid
FDI
Remittances

1.39

1.39

0.40

0.07

0.07

-0.38

-0.03

-0.11

0.89

(0.39)

(0.19)

(0.05)

(0.01)

(0.01)

(-0.04)

(0.00)

(-0.01)

(0.02)

6.87

15.29

20.56

21.20

23.28

25.12

19.78

4.54

5.54

(1.72)

(2.03)

(2.30)

(2.31)

(2.55)

(2.82)

(2.30)

(0.49)

(2.11)

6.18

6.92

6.92

7.21

7.61

8.55

9.66

8.91

9.91

(1.50)

(0.92)

(0.78)

(0.79)

(0.83)

(0.96)

(1.12)

(0.96)

(0.89)
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The trend is clear. While the Indonesian migrants residing and working
outside the country have risen from 2.34 million in 2005 to an estimated 9 million
in 2017, REM inflows have also risen from US$ 6.18 billion in 2005 to US$ 9.91
billion in 2017. As recorded by World Bank (2018), REM flows to LMICs are now
more than three times the size of foreign aid. They are also significantly larger than
FDI. In the case of Indonesia, foreign aid has declined from US$ 1.39 billion in 2005
to US$ 0.89billion in 2017 and FDI decreased from the highest at US$ 25.12 billion
in 2014 to 5.54 billion in 2017.
According to the World Bank’s Migration and Development Brief 30, 2018, the
growth rate in REM to the East Asia Pacific region in 2017 was 5.5%. The World
Bank forecasts are that REM is expected to grow in 2018 by 6.6%, 4.2%, and 4.7% in
2019 and 2020 respectively. There is optimism that with new Japanese legislation
coming into effect from April 2019, allowing inflows of two types of foreign
workers: (i) low-skilled foreign workers who would reside in Japan for up to five
years and work in 14 specific sectors, including farming, construction, hospitality,
and shipbuilding sectors, without family members and (ii) foreign workers with
a higher level of skills who would be allowed to bring their family members and
could be allowed to live in Japan indefinitely. Further, Malaysia is reported to shift
at least some of the responsibility for the recruitment of foreign workers by private
agencies to the Ministry of Human Resources. It is also reported to be considering
the revision of its levy system on local employers hiring foreign workers to a model
closer to Singapore’s multi-tier levy, which is more liberal (World Bank, 2018).
B. Financial Sector and ICT
Indonesia’s financial sector is relatively small with assets around 75% of GDP,
compared to other Association of Southeast Asian Nations (ASEAN) countries.
Further, the banking sector dominates with 80%. More than 40% of 118
commercial banks are in the public sector, another 40% being in the private sector
and the remaining being owned by foreign interests. Five top banks own nearly
47% of the total assets of the financial sector. As the corporate bond market has
not developed, bonds are sovereign and in local currency and further, they are
mostly held by banks. The asset size of Non-Bank Financial Institutions (NBFIs) is
relatively small compared to those of commercial banks and nearly 87% of them
are held by insurance companies and pension funds. The remaining NBFI assets
are held by financing companies, which include multi-finance, venture capital,
and infrastructure financing companies, pawnshops, and export-import bank.
The high cost of intermediation is a reflection of low bank penetration and
its inability to mobilize savings from rural areas and remote islands (Aziz, 2018).
Sources of funds are predominantly short-term (more than 90% having onemonth maturity) and about half of them are current and savings accounts (Aziz,
2018). The serious challenge to the financialization of savings is posed by hurdles
of poor communication between the islands. Commercial banks are reluctant to
open and operate branches in remote islands away from the comfort zones of
uninterrupted supply of electricity and other facilities. The financial exclusion of
a large proportion of the population was a reality. Aziz (2018) observes that just
around more than one-third of Indonesia’s population (15 years and older) has
https://bulletin.bmeb-bi.org/bmeb/vol23/iss3/6
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a financial institution account. Among the poorest 40% of the population, only
22% have a bank account. A jointly sponsored study by World Bank and IMF on
financial sector assessment study noted that Indonesia with its large population
and relatively low access rate, the unbanked population is the third-largest in the
world (World Bank 2017b). It is reported among the 58 million small and medium
businesses in Indonesia, only 12% have access to credit because of the deficiency
of credit history, statements, or collateral, although contributions from these small
and medium businesses account for around 60% of Indonesia’s GDP.
A World Bank (2010) sponsored survey on household access to financial
services in Indonesia revealed only 49% of the population had access to the formal
banking sector and when combined with NBFIs, 52% of the population had access
to financial products offered by the formal sector. Accordingly, more than 110
million had no access to formal sector financial institutions. Further, it is revealed
by the survey that only 31% of the population had recourse to the informal sector.
The remaining 17% or 40 million people have been excluded financially. Aside
from a lack of collateral and other difficulties, the single most important reason is
the absence of a bank account, which is due to the lack of a job or income. With the
regular and steady receipt of remittances from overseas, more families can open a
savings account in the bank.
With the advent of the ICT revolution since the beginning of the New
Millennium, the government formally launched the National Financial Inclusion
Strategy (SNKI3) in 2016. The SNKI’s goal is to make 75% of adults to have a
bank account in the next four years (World Bank, 2017b) through the issue of
new electronic money primarily through the spread of mobile phone ownership.
The World Bank study (2017b) signals out promoting Digital Financial Services
(DFS)4 as the key component of SNKI. With a flourishing financial technology
(Fin-Tech) sector comprising more than 100 companies operating in Indonesia
has revolutionized the provision of financial services and products. The central
bank has categorized the Fin-Tech firms as follows: (i) payment, clearing, and
settlement; (ii) raising deposits and lending services; (iii) market provisioning; and
(iv) risk management. The World Bank study shows 42% of Fin-Tech firms are in
payment services and around 32% in person to person lending in the country.
The e-money issuers (banks and nonbanks) as well as other banks providing
basic saving accounts and other financial services are expanding service delivery
outreach. Agents are now available in all provinces, covering almost 99% of the
districts, and enabling opening registered e-money and providing access to cashin, cash-out, bill payments, and transfer services through registered e-money. The
government agencies began to use e-money for paying salaries and other cash
payments such as subsidies through “Combo Card” (Basic Saving Account and
registered e-money in one card), which was hitherto done only by state-owned
banks.
Until the mid-2000s, nearly 99% of transactions were in cash. With the
popularity of e-money and other innovative payment steps, notable progress
3
4

SNKI stands for Strategi Nasional Keuangan Inklusif (National Financial Inclusion Strategy).
The term digital financial services (DFS) is used by Indonesia’s central bank to refer to as tailored
financial services and products delivered through channels other than traditional bank branches.
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towards less and less cash society has been made. As of December 31, 2016, there
were around 17.4 million credit cards issued in Indonesia. The use of a credit card
is a preferred payment, since the customers do not have to keep cash, nor they
have to rush to the bank or look for an Automatic Teller Machine (ATM). Further,
a credit card also serves record-keeping with regular transaction statements for
expenses and spending tracking.
Table 2 presents financial inclusion indicators, tracing the steady progress
recorded by Indonesia. As regards to accounts with banks and other financial
institutions as well as mobile money accounts, Indonesia lags behind LMICs and
East Asia and Pacific region. However, regarding digital payments, Indonesia is
ahead of LMICs. But, its progress is far behind other countries in the EAP region.
Table 2.
Financial Inclusion Indicators: World, LMICs, East Asia Pacific (EAP), and
Indonesia
This table provides financial inclusion indicators as well as ICT related activities in Indonesia’s financial sector
development. The statistics are obtained from the World Bank (2018).

Population Age + 15
GNI ( per capita) US$
Account with Banks ( % , Age +15)
All adults 2017
2014
2011
Financial Institutions Account
All adults ( % , Age +15)
2017
2014
2011
Mobile Money Account
All adults ( % , Age +15)
2017
2014
Account by Individual Characteristics
2017
Women
Adults belonging to poorest 40%
Adults in labour force
Adults in rural area
Digital payments in the past year
( %, age+15
Made or received payments
2016
2013

https://bulletin.bmeb-bi.org/bmeb/vol23/iss3/6
DOI: 10.21098/bemp.v23i3

World

LMIC

EAP

Indonesia

5.5 B
10, 308

4.5 B
4,441

1.6 B
6,667

188.9 M
3,400

68.50
62.00
50.60

57.80
41.90
28.90

70.60
69.10
55.10

48.90
36.10
19.60

67.10
61.20
50.60

56.10
40.60
28.90

70.30
68.90
55.10

48.40
35.90
19.60

4.40
2.10

5.30
3.20

1.30
0.40

3.10
0.40

64.80
60.50
58.30
66.00

53.00
50.70
50.80
57.60

67.90
59.30
59.80
68.80

51.40
36.60
42.10
47.00

52.30
41.50

29.20
19.70

58.00
39.00

34.60
22.40
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Table 2.
Financial Inclusion Indicators: World, LMICs, East Asia Pacific (EAP), and
Indonesia (Continued)
All below in 2016
Used an account to pay utility bills
Used an account to receive private-sector wages
Used an account to receive govt payments
Used internet to pay bills or buy online
Used mobile phone or internet to access an account
Used debit or credit card to make a purchase
Savings in past year ( %, age +15)
2016
2014
Credit in the past year
Borrowed from financial Instn/used credit card
2016
2014

World

LMIC

EAP

Indonesia

22.30
15.90
16.30
29.00
24.90
32.60

7.50
5.50
8.30
6.80
8.30
6.80

28.80
15.90
12.20
38.60
31.00
33.10

12.00
5.90
8.90
11.30
7.70
12.30

26.70
27.30

15.90
14.40

30.60
36.70

21.50
26.60

22.50
22.30

9.80
10.00

21.50
19.50

18.40
13.70

IV. FRAMEWORK AND METHODOLOGY
A. Framework
We use the neoclassical Cobb-Douglas function to examine the effects of potential
determinants as shift variables on output per capita as derived by Solow (1956)
and following Rao (2010). The technological factor in Solow (1956), known as
Solow residual, is an important parameter in this model. The long-run growth rate
is explained by the rate of growth of technical progress (total factor productivity),
which is exogenously determined. Hence, it is plausible to extend and capture the
growth effects of other variables such as remittances and ICT.
Hence, following the Solow framework, the output per capita is expressed as:
(1)
Where:
yt = output per capita.
At = stock of technology also known as total factor productivity.
kt = stock of capital.
α = share of capital.
The model takes that the evolution of technology is given by:
(2)
Here, A0 is the initial stock of technical expertise and g represents the technology
growth over time trend t. The effect of REM on At (total factor productivity) is
realized when the right-hand side variables come into the functional form as
shift variables. Besides REM, we also introduce additional control variables such
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as financial development and ICT, and their interaction term. We choose broad
money as a percent of GDP as the most representative one for FSD, since the credit
data series are not complete. Regarding ICT, we choose mobile phone ownership
as the proxy for ICT.
Hence, it is plausible to take that:
(3)
Where:
REM
= remittances percent of GDP
BM		
= Broad Money as a percent of GDP
MOB
= mobile subscription per 100 inhabitants, representing ICT.
BM*MOB = interaction term for FSD and ICT.
Therefore, the Cobb-Douglas function is further modified as:
(4)
For estimation, the above model is transformed into logs and rearranged as:
(5)
We test the following hypothesis. The explanatory variable of capital per capita
stock (lk), remittances (lREM), FSD indicator (lBM) and ICT indicator (lMOB) are
directly associated with output per capita hence, we expect these variable to be
positive. For the interaction term of BMt* MOBt there is no prior conclusion. If the
interaction term is estimated to be positive and significant, it would mean that the
combined growth effects of interaction term are enhanced in a deeper financial
system with FSD and ICT displaying a complementary relationship. However, if
the interaction variable has a negative coefficient and is also significant, ICT and
FSD are substitutes, whereas if the interaction variable has a negative sign and is
found to be insignificant, the two variables are independent of each other.
B. Methodology
We employ the ARDL bounds testing approach (Pesaran et al., 2001) to examining
the existence of cointegration between remittances, FSD, ICT, and economic
growth. There are several benefits to the ARDL model. It is considered to be
appropriate for a small number of observations. It enables the researcher to obtain
consistent long-run and short-run estimates without losing any information. The
ARDL procedure addresses endogeneity concerns among the variables (Pesaran
et al., 2001). Further, in the ARDL procedure, it may not be necessary to check
for unit root as it is acceptable to examine cointegration regardless of integration
order. However, to ensure the robustness of the results, we applied two widely
used unit root tests: Augmented Dickey-Fuller (ADF) and Phillip-Perron (PP).
https://bulletin.bmeb-bi.org/bmeb/vol23/iss3/6
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But these tests do not consider structural breaks in data. To address this, we use
Narayan and Popp (2010) to capture structural breaks.
After addressing the unit root, we proceed to examine the long-run relationship
between remittances, ICT, FSD, and economic growth. We derive the long run
unrestricted error correction regression equation for ARDL bounds test from
equation (5) as follows:

(6)

In equation (6), delta (Δ) is the difference operator of the corresponding
series. The bounds testing is conducted as follows: First, equation (6) is run
using the ordinary least square method, and secondly, the confirmation of
equilibrium cointegration is traced out by putting restrictions on the coefficients
of level lagged variables. The testing is done by using the F-test statistics design
by Pesaran et al. (2001). The null hypothesis is that there is no cointegration
(H0:
) and the alternative hypothesis is that there
is a cointegration (HA:
). When the F-statistic is
higher than the critical value, then the null hypothesis is rejected in favor of the
alternative hypothesis.5
Next, the error correction model is used to confirm the long-run cointegration
relationship. The ECM is specified as shown in equation (7).

(7)

The adjustment parameter (λ1) is expected to be negative and statistically
significant.
V. DATA AND RESULTS
A. Data
The analysis covers 34 years (1984-2017), based on the availability of data. The
dependent variable is real GDP per capita (in 2010 prices), represented by y. REM
and BM are in percent of GDP. The explanatory variable of ICT is represented by
mobile subscriptions per 100 inhabitants (MOB). The interaction term, BM*MOB
is the product of each of the two variables. The data series for real GDP, REM,
BM, and MOB are obtained from World Development Indicators (WDI). The data

5

If the computed F-stats are less than the critical value, then the null hypothesis cannot be rejected.
When the computed F-stats are in the middle of the critical valuess, then the result is not conclusive.
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series of capital stock (in constant 2011 prices) is obtained from Pen World Table.
We compute capital per capita stock by taking the ratio of capital stock to the labor
force which is also sourced from Pen World Table. Similarly, data on other control
variables such as the human capital index is collected from Pen World Table and
trade openness as the ratio of export and import to GDP is obtained from WDI.
The variables were converted into their log form before they were used in the
regressions analysis. The process of utilizing the variables in log form not only
reduces errors but also enables us to obtain elasticity estimates of the variables.
The summary statistics of variables and correlation matrix are reported in Table
3. As shown, k, the capital stock per capita, MOB, and the interaction of ICT and
BM are positively associated with per capita GDP and noticeably have larger
connections ranging from 0.91 to 0.95. BM and REM are positively associated with
output at 0.06 and 0.64 respectively. Human capital and trade openness are also
positively correlated with real GDP per capita.
Table 3.
Summary Statistics of the Variables
The table provides the summary statistics and correlation matrix of the variables. y is real GDP per capita; k is capital
stock per capita; REM is remittances as a percent of GDP, BM is broad money as a percent of GDP; MOB is the mobile
subscription per 100 inhabitants, BM*ICT is the interaction term broad money and mobile subscription, HC is human
capital and OP is the trade openness.

Panel A: Descriptive summary of the variables
y
k
REM
Mean
Median
Maximum
Minimum
Std. Dev.
Skewness
Kurtosis
Jarque-Bera
Probability
Observations

2455.92
2295.42
4130.66
1382.12
786.58
0.56
2.34
2.41
0.30
34

Panel B: Correlation matrix
y
y
k
REM
BM
MOB
BM*MOB
HC
OP

1.00
0.94
0.64
0.06
0.93
0.91
0.86
0.63

BM

MOB

BM*MOB

HC

OP

19418.52
7511.76
68126.00
4187.04
21092.03
1.20
2.85
8.16
0.02
34

0.66
0.69
1.90
0.06
0.49
0.57
2.62
2.07
0.36
34

32.87
27.78
60.82
17.03
13.15
0.74
2.11
4.23
0.12
34

37.00
2.39
173.84
0.00
54.09
1.18
2.91
7.96
0.02
34

0.04
0.46
3.38
-3.74
2.63
-0.19
1.45
3.61
0.16
34

2.14
2.20
2.42
1.68
0.23
-0.51
1.93
3.10
0.21
34

0.41
0.41
0.53
0.31
0.06
0.15
1.96
1.67
0.43
34

k

REM

BM

MOB

BM*MOB

HC

OP

1.00
0.47
-0.15
1.00
0.78
0.68
0.48

1.00
-0.32
0.48
0.83
0.83
0.70

1.00
0.16
0.31
-0.20
0.09

1.00
0.78
0.68
0.48

1.00
0.97
0.71

1.00
0.74

1.00
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B. Results and Discussion
First, we examine the stationary properties of the variables using ADF and Phillips
Perron (PP) unit root tests. The results suggest that the null hypothesis of nonstationary cannot be rejected in levels. However, in the first difference form, the
null hypothesis of non-stationary is rejected, indicating variables are I(1). As
indicated above, ADF and PP do not account for structural breaks. To address this
we use Narayan and Popp’s (2010) two-time break test in the series. The results
are reported in Table 4. As observed the unit root hypothesis is rejected for all
variables in I(1). It further shows that the real GDP per capita series have two
structural breakpoints.
Table 4.
Unit Root Test Results
The table provides unit root test results. The values reported are the probability values of rejecting the true null
hypothesis. The null hypothesis is that a series has a unit root. asterisks * and ** denote significance at 1% and 5%
levels, respectively. Critical values are -5.949 at 1%, -5.181 at 5% and -4.789 at 10%. STB1 and STB2 denote first
and second break dates, respectively. The test includes the time trend and intercept. k is lag order and T is sample
observation.

Variables

Test-statistic

STB1

STB2

k

T

ly
lk
lMOB
lBM
lREM
lBM*MOB
HC
OP

-13.541*
-9.086*
-7.763*
-9.244
-7.546*
-6.218**
-7.378**
-10.061*

1995
1996
1992
1997
1996
1995
1990
1997

1999
2008
1997
2003
2002
2001
2007
2003

1
4
1
2
4
2
3
3

34
34
34
34
34
34
34
34

After addressing the unit root properties of the variables, we proceed to
examine the long-run relationship between remittances, ICT, FSD, and economic
growth. The bounds test results are reported in Table 5. When ly is the dependent
variable, the estimated F-statistics is 5.24 and this is greater than the critical value
at 5% level provided by Narayan (2005). As a result, we were able to reject the null
hypothesis in favor of the alternative hypothesis. We also ran regression equations
with other variables as a dependent variable, where the estimated F-statistics were
less than critical values, revealing that the null hypothesis of no cointegration
cannot be rejected. Thus, it is confirmed that there is only one cointegration
equation and the linkage is in only one direction, that is, when ly is the dependent
variable.
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Table 5.
Bounds Test Results
The table provides the bounds test results from the ARDL model based on Equation (6). The F-statistics rejects the
null hypothesis of no cointegration based on per capita real GDP. The test critical values are from Narayan (2005).

F-statistics
Level of Significance

5.24
Narayan (2005)
I(0)

I(1)

1%
5%
10%

4.483
3.120
2.560

6.320
4.560
3.828

Having established the existence of long-run cointegration between output
(ly), the dependent variable and independent explanatory variables of capital
stock (lk), remittances (lREM), financial sector development (lBM), ICT (lMOB)
and the interaction term (lBM*MOB), we now proceed to estimate the long-run
coefficients of the independent variables, which are also the elasticity estimates,
and the dynamic short-run Error Correction Model (ECM).
Table 6 presents the estimated long-run and short-run coefficients based on
the ARDL technique, as suggested by Pesaran et al (2001). We estimate the ARDL
model based on the Schwarz Bayesian Criterion (SBC) to select the optimum lag
order. In the long run, the share of the capital stock (lk) is around 0.46. Being a
log-linear model and hence the coefficient being elasticity estimate, a 1% increase
in capital stock per capita, ceteris paribus, leads to a 0.46% increase in real output
per capita. This finding is supplemented by our initial result in Table 3 where the
capital stock has a significant positive correlation with output. Indonesia as an
emerging economy has also experienced an increase in capital stock over time.
This is consistent with the findings of Rath (2019).
The effect of remittances (lREM) on real GDP per capita is positive. With a
p-value lower than 5%, the estimate is only statistically significant in the long run.
The result indicates that a 1% increase in remittances causes about a 0.02% increase
in real GDP per capita on average in the long run- a relatively small coefficient
but reflects the importance of this capital transfer in real GDP per capita. In the
short run, the effect is positive however, it lacks significance. This perhaps due
to the often-held view that in the short run REM inflows are spent on mostly
consumption and not saved and even if it is saved it is not deposited in banks and
is likely to be used for uneconomical expenses (Mashayeki, 2014).
The estimated effect of the financial sector development indicator (lBM) is
positive and significant in the long run. The estimated elasticity suggests that a 1%
increase in broad money leads to a 0.52% increase in real GDP per capita. Further,
the ICT indicator (lMOB) is found to be positively associated with real GDP per
capita, both in the long run and short run. The elasticity coefficient of mobile
phones is 0.39%. The spread of ICT in terms of mobile phone usage has a spillover
effect in other sectors of the economy including financial markets. The use of
mobile phones has enhanced access to financial services and payment systems.
In addition to this, the interaction term (lBM*MOB) emerged with a positive sign
and is statistically significant, indicating that ICT and financial sector act in a
complementary fashion.
https://bulletin.bmeb-bi.org/bmeb/vol23/iss3/6
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Moreover, from the long-run estimate, we derive the threshold level of mobile
subscriptions which is the indicator for the ICT variable. As the model is in logs,
we use the differential of ly with respect to lBM and interactive term of lBM and
lMOB, and equate its first-order derivative to zero to determine the threshold
levels of ICT needed for FSD to contribute to economic growth. We calculate the
threshold level for MOB as:
Δly/ΔlBM = 0.527 +0.121 lMOB
The threshold level is determined as 0.527/0.121 = 4.355. The exponential value
of the natural logarithm will give us the actual percentage that would be the prerequired level of ICT. Thus, the threshold level of mobile users per 100 inhabitants
is about 78% and that is when the complementary relationship would continue.
The error correction term (ECMt-1) which has a negative sign is also significant
at a 1% level. This confirms the long-run cointegration relationship between
remittances, ICT, FSD, and economic growth. The estimated coefficient of -0.44
indicates that series is not explosive and that any movement away from long-run
real GDP per capita in the current period is corrected by around 44% in the next
period. The diagnostic test in Panel-B of Table 6 indicates that the estimation of the
results is reliable.
Table 6.
Estimated Long-run and Short-run Results Based on ARDL (1,0,0,1,0) Model
The table provides long run and short-run elasticity estimates. The asterisks *, **and *** denote significance at the 1%,
5% and 10% level, respectively. In Panel-B, values in brackets are probabilities.

Variables

Panel-A: Estimated coefficient
Long-run estimates
Short-run estimates
Variables
Coefficient
P-values
coefficient P-values

lk
lREM
lBM
lMOB
lBM*MOB
Constant
Trend

0.468
0.017
0.527
0.394
0.121
-9.119
0.064

Null Hypothesis
No serial correlation [X2 (1)]
Correct functional form [X2 (1)]
Normality [X2 (2)]
Homoscedasticity [X2 (1)]

0.062***
0.029**
0.021**
0.003*
0.001*
0.000*
0.000*

Δlk
ΔlREM
ΔlBM
ΔlMOB
ΔlBM*MOB
Constant
Trend
ECMt-1
R2
DW-stats

0.014
0.022
0.048
0.177
0.019
4.10
0.029
-0.449
0.834
2.27

0.021
0.126
0.561
0.000*
0.030*
0.000*
0.000*
0.000*

Panel-B: Diagnostic tests
LM version
F version
0.725 (0.394)
0.442 (0.506)
1.214 (0.545)
3.874 (0.409)

0.479(0.497)
0.289 (0.597)
NA
4.142 (0.051)
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Further, to check for the robustness of our findings, we use alternative
specification by including structural breaks and other control variables such as
human capital and trade openness as the regressor along with ICT, FSD, and
remittances6. We follow the same steps as in the initial specification. The bounds
test result (F-stat = 6.38) shows evidence of a long-run relationship between
independent variables and economic growth at a 5% significance level. The longrun and short-run elasticity estimation is provided in Table 7. The effect of ICT,
FSD, and remittances appear similar to the findings presented earlier in Table 6.
Similarly, the interaction term of ICT and FSD is positive and statistically significant
in the long run, which is consistent with the result in Table 6. In addition to this,
the effect of human capital and trade openness emerged with a positive sign,
indicating a beneficial effect on economic growth. The structural break (SB) point
introduced in the model is negative and significant at 5% level. The estimated
coefficient (SB=-0.069) indicates the output decline by 0.069% in the break periods.
Table 7.
Estimated Long-run and Short-run Results Based on ARDL (1,0,0,1,0) Model with
Structural Breaks and Control Variables
The table provides lon- run and short-run elasticity estimates. The asterisks *, **and *** denote significance at the 1%,
5% and 10% level, respectively. In Panel-B, values in brackets are probabilities. HC is human capital, OP is the trade
openness, and SB is the structural break.

Variables

Panel-A: Estimated coefficient
Long-run estimates
Short-run estimates
Coefficient
P-values
coefficient
P-values
Variables

lk
lREM
lBM
lMOB
lBM*MOB
HC
TO
SB
Constant
Trend

6

0.264
0.054
0.170
0.159
0.072
1.159
0.175
-0.069
2.211
0.015

0.000*
0.047**
0.000*
0.005*
0.004*
0.059***
0.056***
0.025**
0.000*
0.000*

Δlk
ΔlREM
ΔlBM
ΔlMOB
ΔlBM*MOB
HC
TO
SB
Constant
Trend
ECMt-1
R2
DW-stats

Null Hypothesis

Panel-B: Diagnostic tests
LM version
F version

No serial correlation [X2 (1)]
Correct functional form [X2 (1)]
Normality [X2 (2)]
Homoscedasticity [X2 (1)]

2.236 (0.135)
0.745 (0.388)
2.443 (0.295)
0.681 (0.689)

0.159
0.035
0.115
0.055
0.138
0.029
0.035
-0.015
1.879
0.011
-0.663
0.923
2.47

0.005*
0.081***
0.068***
0.001*
0.000*
0.000*
0.083***
0.327
0.000*
0.002*
0.000*

1.526 (0.230)
0.485 (0.495)
NA
0.653 (0.425)

We use this alternative specification based on reviewer suggestion.
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As expected, the estimated coefficient of ECMt-1 is negative and statistically
significant at 1% level. The coefficient (-0.663) reinforces the initial finding of the
long-run cointegration relationship between growth in output and remittances,
along with other conditioning variables. Further, the ECM implies that the speed
of adjustment to equilibrium aftershock is relatively rapid, with 66% convergence
in the first period. The effect of ICT, FSD, human capital, and remittances positively
influence growth in the short run, but the impact of remittances, FSD, and trade
openness are relatively weak. The diagnostic test shows that the results of the
cointegration and error correction model are reliable.
VI. CONCLUSION
This paper examines the role of ICT as a contingent factor in FSD, remittances, and
economic growth nexus in Indonesia. Even though several studies investigate the
effect of remittance inflow on economic growth or consumption, our attention to
ICT and FSD in remittance-growth nexus in Indonesia is another dimension to the
extant literature. Besides examining the individual impact of REM, ICT, and FSD,
we look at the interaction of ICT and FSD on economic growth. We also calculate
the threshold level of ICT that is required for FSD to impact economic growth. We
use the neoclassical growth model and ARDL procedure to examine the long run
and short effect of REM on economic growth for the period 1984 to 2017. The main
findings are as follows. First, remittances inflow show an increasing trend in recent
years relative to the 1990s. Second, the initial analysis shows a positive correlation
and long-run cointegration between remittances, ICT, FSD, and economic growth.
Third, the elasticity coefficient of economic growth with respect to remittances
is statistically significant and positive in the long run. This indicates that REM
inflow is beneficial for the economic growth process of Indonesia, although the
size of this coefficient is relatively small. Other variables such as capital stock,
financial development, and ICT exert a positive impact on real GDP per capita in
long run. Fourth, the interaction term of ICT and FSD is positive and statistically
significant in the long run. This reveals that ICT has indeed emerged a significant
factor in the remittances and growth nexus by playing a complementary role in
financial sector development. Further, we used an alternative specification based
on structural breaks and the different control variables as the regressor. The
results are consistent and robust to a different specification. With respect to policy
implication, the study shows ICT and FSD are essential for remittances inflow
and economic growth. The central and local governments should promote ICT
development and financial inclusion among the people including remittances
recipients.
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